Objectives: To identify key measures in predicting orthodontic treatment need and to propose a self-assessment instrument that improves treatment need assessment. Subjects and methods: The study included 150 randomly selected 13-year-olds. A set of measures linked to a previous study on daily life impact of malocclusion was processed, resulting in an instrument, the Demand for Orthodontic Treatment Questionnaire (DOTQ), which was analysed regarding dimensionality, reliability and validity. Dental Health Component of the Index of Orthodontic Treatment Need (IOTN-DHC) grading, representing professionally assessed treatment need, were collected from dental records. The instrument's ability to predict treatment need was tested by randomly splitting the dataset into two subgroups, using multiple regression to predict DHC in one of the groups and the prediction equation to calculate predicted DHC in the other. The outcomes were then correlated to detect the predictive power of the DOTQ, and thereby the validity of the prediction. Results: The DOTQ-measures were reliable and highly inter-correlated. A high, significant correlation was found between assessed and predicted treatment need for the subgroups (r = 0.59 and 0.49), confirming the validity of the prediction. Independent variables (the measures) explained 47 per cent (R = 0.69) of the variance in treatment need. Four measures contributed significantly to the prediction, with Treatment Demand being the most powerful predictor. Limitations: The age group and response rate may raise some questions regarding the generalizability of the findings. Conclusions: The DOTQ is able to predict treatment need as assessed by orthodontic consultants. Its incorporation in the treatment need assessment process will acknowledge patients' selfperceived impact of malocclusion.
Introduction
Assessments of the need for orthodontic treatment are associated with knowledge about dentofacial development and the physical as well as functional consequences of malocclusion for the individual. When assessing the need for treatment, focus should be on the consequences of the malocclusion for the individual as a whole, rather than the grade of morphological deviation from a constructed norm (1) . This is in accordance with the World Health Organization's guidelines for function, disability and health (2) . According to these guidelines, the psychological and sociological consequences of a European Journal of Orthodontics, 2017, 326-333 doi:10.1093/ejo/cjw056 Advance Access publication 7 September 2016 condition or disability need to be taken into account. For this reason it has been suggested that malocclusion should be recognized as a treatable chronic disability (3) .
In all Nordic countries the national health care systems provide subsidized dental care to children and adolescents. In Sweden these services are provided free of charge by county councils, at least until the year individuals turn 20 years of age (4) . This includes orthodontic care, when considered appropriate to prevent occlusion-related developmental deviations or to restore or achieve good orofacial function and satisfactory facial aesthetics in manifested malocclusions. Due to the high prevalence of malocclusions (5, 6) and limited resources, subsidized orthodontic care can only be offered to those with the greatest need (7) . Therefore, assessing and prioritizing the need for treatment is of great importance. A variation of the so-called normative Orthodontic Treatment Need Indices (OTNI) has been developed to assess and evaluate the need for treatment (7, 8) . These indices are based on the assumption that the greater the deviation from the norm of ideal occlusion, the greater the risk of future dissatisfaction, discomfort, pain or injuries to the oral environment and/or masticatory system. However, questions have been raised regarding the validity of these indices (7) , and their predictive value for detecting future functional or oral health problems is open to discussion (8) .
Generally, outcomes used in orthodontic research need to reflect the perspectives of patients to a much higher degree (3) . This also applies to the assessment of need for treatment. Therefore, it has been suggested that validated measures (scales) based on self-assessment should be used as a complement to clinical evaluation and diagnosis (9) .
The main reason for adolescents and young adults seeking orthodontic treatment is to improve dental aesthetics (7, 10, 11) . Concern regarding how malocclusions might affect their interaction with others and the wish to fulfil existing social norms are the central motives for adolescents to undergo orthodontic treatment (12) (13) (14) .
It has been stated that 'the need to incorporate patient's values and preferences is what distinguishes quality of life from all other measures of health' (15) . Apart from being used in research, health-related quality of life measures (HRQoL) can be used to refine interactions between health providers and patients, to compare the impact of different conditions, and to assist in prioritizing and organizing health care services (16) . Oral health-related quality of life (OHRQoL) has been defined as 'the impact of oral disorders on aspects of everyday life that are important to patients and persons, with those impacts being of sufficient magnitude, whether in terms of severity, frequency or duration, to affect an individual's perception of their life overall' (17) .
To evaluate the impact of oral conditions on children, a number of generic OHRQoL measures have been put forward (18) (19) (20) . However, systematic reviews of these measures point out an uncertainty concerning the association between malocclusion and its impact on the everyday life of adolescents (21, 22) . Dealing with malocclusions, not being pathological conditions and seldom causing major pain or discomfort, generic OHRQoL measures should be replaced with condition-specific, dental aesthetic, and malocclusionrelated instruments. Recently a couple of such instruments have been introduced dealing with the psychosocial impact of dental aesthetics on children and adolescents (23) , and the OHRQoL of young people with malocclusion (24, 25) . The first is designed to facilitate clinical decision-making and to assess psychosocial outcomes of orthodontic treatment, the second to capture 'the actual and perceived issues, problems, limitations, restrictions, and adaptation strategies specific to adolescents with malocclusion'.
It is obvious that there is a demand for a strategy for prioritizing the need for orthodontic treatment, focusing on the daily impact of malocclusions. Being able to predict the need for treatment would improve the current treatment need assessment process, especially in aiding dentists in selecting patients for specialist consultations. This would increase the probability that a higher proportion of patients would benefit from publicly funded dental care.
To study the impact of malocclusions on the daily life of adolescents, a Grounded Theory study was conducted in order to collect the views of adolescents with malocclusion and to discover how they were affected by, and how they deal with, their condition (26) . Following the recommendations made by Gill and Feinstein mentioned earlier (15) , an extensive questionnaire was constructed between 2012 and 2014 based on the findings of this qualitative research. The questionnaire aimed to cover different aspects of malocclusion, including demand for orthodontic treatment, and the consequences for adolescents. Dealing with the structural relationship between the measures, a number of the scales were used in a previous report, providing a model for predicting orthodontic treatment 'need' and 'demand' (9) . In the present study the data were further analysed, improving and shortening the questionnaire to achieve consistent, reliable and coherent sets of items in each measure. This was done by theoretical analysis and by re-evaluating wording and language, by additional item-reduction based on reliability analyses, examination of correlations among items, factor analysis and, finally, crossvalidation testing. While the two studies originate from the same data set, the set of variables used and main focus of the analyses differ substantially. The focus in this paper was to examine the reliability and validity of a new instrument, the Demand for Orthodontic Treatment Questionnaire (DOTQ). A more specific aim was to examine the predictive power of DOTQ in relation to professionally assessed treatment need. Thus, the objectives were to 1. identify key measures in predicting the need for orthodontic treatment and 2. propose a self-assessment instrument (DOTQ) that assists dentists in the treatment need assessment process.
Subjects and methods

Sample size
For this cross-sectional study, a sample size of at least 150 individuals was required, calculating on a true correlation of 0.20 to be detected (average effect size in social psychological research), with a statistical power of 0.80 and a probability of Type I error (α) of 0.05 (27) . Furthermore, it was taken into account that the point of stability of a correlation is reached around a sample size of 150 (28) .
Subjects
The subjects consisted of a subpopulation of Swedish youngsters aged 13 years, all receiving regular dental care free of charge at the expense of the Uppsala County Council in accordance with the Swedish Dental Act (4). Potential participants were randomly selected from a population registry in Uppsala Municipality (>200 000 inhabitants) through a randomization process performed by the consulting company of Evry Sweden. To begin with 240 letters with written information about the study were sent out to children and their parents. The adolescents were asked to participate by completing a questionnaire either online or in paper format. They were given the instructions to fill in the questionnaire on their own, without any assistance. Two weeks later a reminder was sent out. At 2 weeks after the reminder 92 responses (38.3 per cent) had been registered. Due to insufficient response rate, the procedure was repeated including additionally 100 randomly selected adolescents. In total 162 individuals responded (51 per cent electronic answers). However, since a number of the manually filled in questionnaires were incomplete, the final data set included 150 individuals (56 per cent girls). 
Demand for Orthodontic Treatment Questionnaire
The questionnaire was developed using the guidelines by Gill and Feinstein (15) and Locker and Allen (17) as a platform. It was based on the outcomes of a qualitative study dealing with the impact of malocclusion on the daily life of adolescents (26) and weighed against findings of existing literature and tested in pilot-studies (14, 18, (29) (30) (31) (32) (33) . Several of the measures (N = 7) were used in a previous study (9) . For the purpose of this research three new measures are introduced in the present paper; 'Dental Fixation', 'Need for Dental Comparison', and 'Coping with Malocclusion'. These measures were included since previous investigations have shown that as a consequence of societal norms and media's beauty ideals, adolescents with malocclusion often focus on their mouth and fixate on their teeth. This leads to frequent comparisons with others and different coping strategies in order to deal with the main issue of constantly being reminded of their condition (12, 26) . All measures are presented in Table 1 . The development of DOTQ is displayed in Figure 1 .
For the purpose of this paper a re-evaluation and theoretical analysis of the original items within each measure was carried out. This review was done to establish, among other things, whether the items covered the aspects they were intended to, otherwise they were omitted. Items were also to be removed if the wording was considered inadequate or difficult to interpret, for example through the ambiguous use of words such as 'if' or 'not'.
Dealing with the scales, consideration was given to the dimensionality within each measure. For example, looking at whether items for a specific measure consisted of a single factor. Care was also taken when it came to the reliability (internal consistency) of the scales. These analyses included inspection of Cronbach's alpha and correlations between the items. Items that contributed to misfit by poor correlations with other items in the measure, or reduced the reliability, were omitted. Thus, removal of items was weighted against the reliability changes within each measure. The description and characteristics of the final measures can be found in Table 1 .
Response to each statement was indicated on a five-point Likerttype response scale ranging from 0 (Do not agree at all) to 4 (Agree fully). Reversed coded items were recoded and the outcome was double-checked with the non-reversed items and an index was created by averaging the responses across all items within each measure. The numbers of items within each measure and the rationale for item reduction, as well as the final measures, are presented in the following. Basic statistics for the final self-assessed measures, including the explained variance, reliability and inter-item correlation figures, are presented in Table 2 .
Treatment need variable
Orthodontic treatment need was assessed by the Dental Health Component of the Index of Orthodontic Treatment Need (IOTN-DHC) (35) . The IOTN-DHC categorizes the unfavourable effects of different deviant occlusal traits in order of severity on a five-grade scale: 1-5. The information was based on data from general dental records. The IOTN was applied, being the official index used by orthodontic consultants for prioritizing and granting subsidized orthodontic treatment free of charge in Uppsala County. The assessments are performed regularly by calibrated co-workers within Uppsala Public Dental Service on behalf of the Uppsala County Council. A database was arranged including retrieved notes on occlusal status, diagnosis, treatment need evaluation and IOTN-DHC grading. DHC-grading 4 or 5 is usually noted in the records as a complement to the diagnosis in case of treatment need. If DHC-grading was missing, the first author (a consultant orthodontist and qualified user of IOTN) interpreted the professionals' status description and diagnosis, and converted them into corresponding DHC-grading. In the original sample this was performed in 28 out of 46 patients with established treatment need and repeated twice for Items describing the degree of self-esteem in connection with dentition. Higher scores indicating higher dental self-esteem.
I feel proud of the way my teeth look.
Global self-esteem 10 (4) Items on global self-esteem modified to fit the age group (34 Emergence of scales and items, theoreƟcal processing and language adaptaƟon by an expert-panel (N = 5; a child psychiatrist, a psychologist, and three orthodonƟsts)
Pilot-studies for language adaptaƟon, tesƟng of comprehension and relevance of the items [N = 6, aged 13-15 years, incl. interviews with two informants aged 13. N = 9, incl.
panel of experts (n = 4), dental personnel at an orthodonƟc clinic (n = 3), young adults who had received orthodonƟc treatment in their youth (n = 2)]
A comprehensive quesƟonnaire containing 12 scales/measures (excl. background and control quesƟons) and more than 100 items
Seven of the measure were tested concerning reliability and validity and used in a study dealing with the structural relaƟonship between the measures, leading to a model predicƟng orthodonƟc treatment need and demand
Further analyzes, improvement and shortening of the quesƟonnaire to achieve consistent, reliable and coherent sets of items in each measure by theoreƟcal analysis, re-evaluaƟng of wording and language, addiƟonal item-reducƟon based on reliability analyses, examinaƟon of correlaƟons among items, factor analysis and cross-validaƟon tesƟng
The reliable and validated Demand for OrthodonƟc Treatment QuesƟonnaire -DOTQ assuring good intra-examiner reliability. In the final data set, the distribution of the subjects into each IOTN-DHC severity grading group were as follows: 1 = 74, 2 = 17, 3 = 17, 4 = 32, and 5 = 10. Data collection on DHC grading through dental record screenings was done as previously described (9) . This was performed in order to enable matching of the findings from the Questionnaire with the assessments of orthodontists.
Analytical and statistical strategy
Psychometric properties. The psychometric properties of the included scales were analysed with regard to dimensionality and reliability. These analyses were conducted in parallel in order to attain high scale reliability and uniform dimensionality (as much as possible). As to the reliability analyses, the lower limit of Cronbach's alpha reliability was set to 0.70 and the lower limit of item-total correlation (a specific item to correlate with the scale it belongs to) to 0.30. This was done to make the scales more consistent. Items that did not reach the bars were excluded. For the scales that did not reach the reliability bar, the items with the lowest item-total correlation were excluded to improve reliability. Examining dimensionality, for each scale, exploratory factor analyses was performed using a principal axis factoring method with direct oblimin rotation allowing possible factors to correlate (36) . The results of the analyses above, together with basic statistics for the scales, are presented in Table 2 .
Predictive validity. This study had two major aims-to identify key measures in predicting orthodontic treatment need (assessed by DHC) and to aid dentists by proposing a prediction of treatment need using patient self-assessment. To meet the first aim, a multiple regression analysis was conducted to identify the extent to which treatment need is predicted by a set of self-assessed measures. These measures were included as their predictive influence concerning the need for treatment has been established in previous research (9, 21, 25, 37) . Similarly, gender was included as previous research has found it to be an important variable in predicting treatment need (38, 39) . When it comes to the second aim, a multiple regression analysis was conducted to identify the extent to which the entire set of the variables used in this study, including Gender and Treatment Demand, explains the need for treatment as assessed by professionals (when utilizing IOTN-DHC). The idea is to establish a method of screening to aid dentists by matching self-assessment with professional assessment. In other words, examining the extent to which the self-assessment measures can be used to screen patients as to their treatment need. Specifically, assessing the overlap between self-assessment data and the assessment made by professionals (based on DHC). Importantly, to test the validity of this prediction, the dataset was randomly split into two sets-with only one restriction; DHC. That means that participants from each DHC category (1 to 5) were randomly assigned (using www.random.org) to one of the two groups (denoted Subgroup 1 and Subgroup 2). Thus, the aim was to have informants with different DHC scores evenly distributed across the two groups. Subsequently, a multiple regression analysis was conducted predicting DHC in one group and used the prediction equation to calculate the predicted DHC scores of the second group. Then the predicted DHC was correlated with the original professionally assessed DHC scores collected from dental records. The magnitude of the correlation between predicted and actual/professionally assessed DHC is the predictive power of the instrument and the match between the correlations in the two groups is indicative of the validity of the prediction.
Results
Preliminary analyses
The results showed that the prevalence of professionally-assessed treatment need, based on IOTN-DHC grades 4 and 5, was 28 per cent.
Factor analyses revealed that all measures, with a couple of exceptions, consisted of a single factor that accounted for the major part of the variation in participants' responses ( Table 2) . One of these exceptions was Social Influence where a three-factor solution was detected. These factors were moderately correlated (absolute correlations 0.35, 0.42 and 0.49). The other exception was Perceived Functional Limitation where a two-factor solution was found and these factors were highly correlated (0.60). Importantly, for both measures the different factors covered various aspects of the construct, which is also indicated by the correlations between the sub-factors. Therefore, considering the importance of including all aspects of the measures, the measures were kept unchanged in further analyses (Table 2) .
Additional analyses revealed that the reliability of the scale scores was good except for Prioritizing Healthy and Straight Teeth (α = 0.68) which did not reach the bar set for reliability to be considered satisfactory. However, considering that this coefficient was not far from the set limit and that this scale is the smallest scale (only three items) in the study, the measure was kept in further analyses. The correlations among the measures are presented in Table 3 .
The final translated version of the DOTQ (based on back-translation, English proofreading and review of the comprehension and wording by a bilingual 13-year old) is presented in Supplementary Appendix A. The original Swedish version of the DOTQ can be obtained upon request.
Regression analyses
First, regression analyses were performed for Subgroup 1 and Subgroup 2, using the entire set of variables including Gender and Treatment Demand as independent variables and Treatment Need (as represented by DHC) as the dependent variable. The analyses revealed that, together, the set of independent variables explained 56 per cent (R = 0.75, P < 0.01) of the variance in DHC for Subgroup 1, and 49 per cent (R = 0.70, P < 0.01) for Subgroup 2. Thereafter, the predicted DHC for Subgroup 1 was calculated based on the unstandardized regression coefficients from Subgroup 2, and the same was done for Subgroup 2 based on the regression model of Subgroup 1. Then the original DHC for each group was correlated with the predicted DHC (based on the regression model of the other group). The results of these analyses showed significant (P < 0.01) and high correlations between the original and predicted DHC for Subgroup 1 (r = 0.59, N = 75) and Subgroup 2 (r = 0.49, N = 75). These correlations did not differ significantly, z = 0.85, P = 0.40 (two-tailed). Table 2 . Basic statistics and results of reliability and factor analyses for the self-assessed measures. M = mean; SD = standard deviation; α = internal consistency reliability; inter-item r = average correlation among the items within each measure; explained variance (%) = variance in the items explained by the factor; factors = number of factors with an eigenvalue above 1.0. The coefficients above can be used to calculate predicted DHC for each individual by the following formula: Constant (see above) + [the individual's score on each measure (results from Questionnaire) × Unstandardized β coefficient for respective measure] = Predicted treatment need.
Having established the validity of the prediction, a multiple regression was done based on the entire sample in order to establish a prediction with a larger sample (higher power) but also to find out what specific measure(s) underpinned the prediction. As above, a regression analysis was conducted for the total sample with the entire set of the variables used in this study, including Gender and Treatment Demand, as the independent variables and DHC as the dependent variable. The results showed that the independent variables explained 47 per cent of the variance in DHC (R = 0.69, P < 0.01). The unstandardized regression coefficients for this model are presented in Table 4 . Furthermore, a step-wise solution of the model above revealed that only Treatment Demand (36.3 per cent), Global Self-Esteem (4.1 per cent), Perceived Malocclusion (3.9 per cent), and Social Influence (1.6 per cent) contributed significantly to the prediction of treatment need, as measured by DHC. The relationship between predicted and professionally assessed treatment need is displayed in Figure 2 .
Since the sample included 22 participants that had already received orthodontic treatment, the regression analysis was repeated excluding these individuals. This procedure did not affect the outcome, as the independent variables still explained 45 per cent of the variance of Treatment Need as measured by DHC (R = 0.67, P < 0.01), confirming the validity of the findings.
Discussion
Altogether, the analyses show that all measures are reliable and can indeed predict the need for treatment, as measured by DHC. The validity of the prediction is supported by the high correlations between the predicted need for treatment and professionally assessed DHC. The validity of the prediction was also underlined when analysing the entire sample, showing that the measures explained a large proportion of the variance in the prediction. In particular, Treatment Demand, but also Global Self-Esteem and Perceived Malocclusion, contributed significantly to the prediction, confirming cross-validity. The results indicate that Treatment Demand is by far the single most important predictor. There is also a high correlation between Treatment Demand and several other measures (as seen in Table 3 ), which appear to indicate that the measure incorporates individuals' own perceptions with the perceptions of others, making this result relevant in a social context.
In addition, the findings show that there is a linear correlation between predicted treatment need and professionally assessed treatment need (DHC). It is noteworthy how close the predicted meanvalues lies to the true DHC-grading of the sample population. These findings demonstrate the strength of the instrument presented (and the suggested method). However, since there were relatively few individuals with DHC-grading 5 in the sample (N = 9), the instrument does not seem to make a clear distinction between DHC-grading 4 and 5. This also seems to be the case when looking at DHC-grading 1 and 2, although not to the same extent. Given the fact that both DHC-grading 4 and 5 indicate a need for treatment (and DHC 1 and 2 the opposite), a merger of these would increase the power/ impact of the instrument. Although, this issue needs to be empirically examined with a larger sample before any conclusions can be drawn.
The question has been asked whether group-centred instruments can be used in clinical settings or not (17) . The methodology and prediction equation/formulation presented here suggests that this is possible and that the accuracy of such a prediction is rather high. For the findings to be relevant in a clinical setting, it is of great importance that gender is included in the regression model(s), since there are reports showing that there is a gender difference when it comes to treatment need (38, 39) . The literature also suggests that females are usually more concerned about their dentofacial appearance than males (40) (41) (42) (43) .
The validity of normative treatment need indices has long been questioned (1, 7, 8) . Although these indices have played an important role in the past, in order to serve their function modern indices need to include measures reflecting patient views on their need for orthodontic treatment. Therefore, the authors argue that a shift needs to be made from solely using normative expertcentred instruments to instruments enabling us to focus on the consequences and impact of malocclusion for the individual. Thus, allowing aspects such as perceived functional limitations, selfesteem and the impact of societal norms to be taken into consideration, as complements to professional evaluations of the physical consequences of malocclusions. This can be achieved by incorporating reliable and validated self-assessment measures into the selection process, for assessment of treatment need. Which is also important since studies have shown that there are discrepancies between the perspectives of children and professionals concerning the need for treatment (26, 44) . Furthermore, studies suggest that the perceived need for orthodontic treatment is well supported by OHRQoL instruments, in contrast to normative indexes which do not reflect patients' views (44) . In order to deal with this, attempts have been made to improve the selection process and the predictability of the outcome of consultations. For instance, normative indices such as IOTN have been combined with generic OHRQoL measures, although without improving the prediction of outcome (44) . In addition, when assessing treatment need in borderline cases the use of normative indices such as the Swedish Medical Board Index (SMBI) (45) , can lead to suboptimal outcome. When testing inter-examiner reliability between six consultant orthodontists it was found that full agreement was only achieved in one third of cases (46) . Likewise, considerable inter-examiner variability has been demonstrated among Danish orthodontists, when assessing treatment need in 11-year-old children with 'borderline' malocclusions (47) .
The present study was based on the responses of one hundred fifty 13-year-olds. This age group was chosen since orthodontic treatment with fixed appliances is often started between the ages of 12 and 14 years. For instance, the mean age for commencing orthodontic treatment in Stockholm County during the past 3 years has varied marginally between 13.8 and 13.9 years, according to unpublished data (48) .
Studies have also shown that children usually need to have reached at least 13 years of age before there can be adequate discussion about aesthetics in relation to orthodontics (41, 49) . Furthermore, age also seems to influence the perception of malocclusion and the need for treatment (38, 39, 50) .
An issue that needs to be addressed is the response rate, and whether the final levels of response frequency could affect the generalizability of the findings in this paper. However, looking at the study population, the need for treatment assessed by IOTN-DHC grading 4 and 5 was 28 per cent compared to prevalence rates of 21.3-39.5 per cent reported in Sweden and other European countries (35, (51) (52) (53) (54) . Further analyses regarding the characteristics of the sample have been carried out and presented elsewhere (9) . Given these factors, the population of this investigation was regarded as representative.
Another issue addressed in the results was the fact that the sample included 22 participants that already had orthodontic treatment. Therefore, the validity of the results was tested excluding these subjects. The outcome of this analysis showed a similar outcome, indicating little or no impact on the results and conclusions.
Limitations
The generalizability of the results could be questioned due to the specific age group used in the study. Furthermore, even though the study population appears to be representative, the response rate may raise some questions. The instrument needs to be tested across age groups, in other geographical settings, and possibly in international contexts in order to test its external validity.
Conclusions
The DOTQ is capable of predicting treatment need as assessed by orthodontic consultants. Incorporation of the instrument in the process of treatment need assessment will acknowledge patients' perception of the impact of malocclusion. Consequently, this will reduce the risk of denying patients with genuine interest and self-perceived need for treatment the chance to receive subsidized orthodontic care. The study presents a systemized way to predict treatment need that would aid dentists in the treatment need assessment process, helping them to justify their decision when referring patients for specialist consultation.
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